INTRODUCTION
thermostability and wider pH range. To obtain the enzyme having high stability and activity at extreme condition may be obtained by direct isolation naturally from extremophilic organism or by chemical modification to enzyme isolated from mesophilic organism 3 .
According to Mozhaev and Martinek 4 , chemical modification is one of the way to increase the enzyme stability which soluble in water such as α-amylase. The lysine residue on the enzyme surface causes unstability of the enzyme since it can associate with water around the enzyme. By chemical modification, the lysine structure will be protected by hydrophobic groupd of modifier which will minimize the contact of enzyme with water, so the enzyme will be more stable. present of Chemical modification performed using citraconic anyhidride specifically is able to modify the structure of lysine redidue on the enzyme surface 5, 6 . Yandri et al. 7, 8 have succesfully done the chemical modification to native á-amylase from locale bacteria isolate B. subtilis ITBCCB148 using dimethyladipimidate and glyoxylic acid where the modified enzymes were increased compared to the native enzyme.
In this paper we reported the chemical modification of α-amylase from B. subtilis ITBCCB148 using citraconic anyhidride.
EXPERIMENTAL

Materials
All chemicals used were the materials with high grade (pro analysis) purity. Locale bacteria isolate B. subtilis ITBCCB148 was obtained from Microbiology and Fermentation Technology Laboratory, Chemical Engineering Department, Bandung Institute of Technology, Bandung, Indonesia.
Research procedure
The following research phases were done: production, isolation, purification, chemical modification and characterization of the native and modified enzymes were based on our previous report 9 .
Activity test of a-amylase and determination of protein content Activity of α-amylase was determined based on Fuwa method 10 and using dinitrosalicylic acid reagent 11 . The protein content was determined based on the method by Lowry et al. 12 .
Chemical modification of the native enzyme using citraconic anhydride 13 To 5 mL of native α-amylase (containing 0.008 mg/mL) in 0.1 M phosphate buffer pH 8 was added with citraconic anhydride with volume variation of 20, 30, 40, 50 and 60 µL. pH of the solution was kept constantly at pH 8 by the addition of 0.1 M Na 2 HPO 4 solution. The mixing using magnetic stirrer at room temperature for 1 hour.
Characterization of the native and modified enzymes
The characterizations of the native and modified enzymes including: determination of modification degree, determination of optimum pH and determination of thermal stability.
Determination of optimum pH of the native and modified enzymes
To find the optimum pH of the native and modified enzymes buffer phoshate 0.05 M was used with pH variation of 5.0; 5.5; 6.0; 6.5; 7.0; 7.5; 8.0; 8,5 and 9.0 by keeping the temperature constantly at 60°C.
Determination of optimum temperature the native and modified enzymes
The determination of optimum temperature of native and modified enzymes was done by varying the temperature at 55, 60, 65, 70, 75 and 80°C.
The stability test of the native and modified enzymes
The stability of native and modified enzymes was done based on the known procedure which entailed measuring the residual activity of the enzyme after being incubated for 0,10, 20, 30, 40, 50, and 60 minutes at optimum temperature, where the initial activity of enzyme without heating was given a value of 100%.
Determination of half-life (t½), k i and DG i
Determination of k i value (thermal inactivation rate constant) and the denaturation energy change (DG i ) of the native enzyme and the modified enzyme was done using the equation developed by Kazan et al. 14 .
RESULTS AND DISCUSSION
The effect of chemical modification to optimum pH Figure 1 shows the native á-amylase has optimum pH 6.0, while the modified enzymes with modification degree 45, 73, 82, 83, adn 88% have optimum pH 5.5. The modified enzymes have the wide working pH range of 5.0 -9.0 especially to the modified enzyme with modification degree of 82, 83, and 88%, while the native enzyme has working pH range of 5.5 -8.0. The modified enzymes with modification degree of 82, 83, and 88% have better residual activity at pH range of 7.5 -9.0 than the modified enzymes with modification degree of 45, and 73% and native enzyme.
Chemical modification can be applied to increase the enzyme stability against pH due to the free NH 2 group on the lysine residue exposed to the surface interacted with citraconie anhydride 15 , as a result there is charge change on the enzyme structure.
The change of optimum pH to 5.5 (acidic) is due to the NH 2 group undergo to NH 3 + in acidic condition. Since by the modification process most of the NH 2 groups will be modified, so in the acidic condition the NH 2 group which should change to cation did not occur. This condition caused the modified enzymes were more stable than the native one. Figure 2 shows that there is no change on the optimum temperature to the modified enzyme compared to the native enzyme. However the modified enzymes have better activity at 70 and 80 o C compared to the native enzyme. At 70 o C the native enzyme has residual activity of 66%, while the modified enzyme with modification degree of 45, 73, 82, 83 and 88% have residual activity of 68%, 69%, 70%, 84% and 86%, respetively. At 80 o C the native enzyme has residual activity of 14.5%, while the modified enzymes have residual activity of 28%, 29%, 32%, 38% and 48%, respectively.
The effect of chemical modification to optimum temperature
The result indicated that although there is no increase in the optimum temperature on the modified enzyme, but all modified enzymes have better acitivty at higher temperature than the native enzyme. Figure 3 shows the residual activity of all enzyme at 60°C for 60 minutes.
The effect of chemical modification to thermal stability
The native enzyme after 60 minutes has residual activity of 8%, while the modified enzymes with citraconic anhydride with modification degree of 45, 73, 82, 84, and 88% have residual activity of 17.70; 20.24; 24.18; 26.70 and 32.6%, respectively.
There is increase on the thermal stability to the modified enzymes compared to the native enzyme. The thermal stability increase can be seen by the increase of residual activity of each enzyme which has incubated for 60 minutes. The chemical modification to native α-amylase used showed a good effect to the structure stability.
The mechanism of structure stability occured to α-amylase due to the chemical modification using citraconic anhydride can be explained that citraconic anhydride is a dicarboxylic acid, the carboxylic group will bind to ammine of the lysine residue on the surface of α-amylase 15 , so it will minimize contact of hydrophilic group with water as solvent, beside the enzyme structure became bigger so that the 
Rate of thermal inactivation (k i ), half-life (t1/2) and denaturation energy change (ΔGi) of native and modified enzymes
The values of rate of thermal inactivation (k i ), half-life (t½) and denaturation energy change (ΔGi) of the native and modified enzymes with citraconic anhydride are shown in Table 1 . The determination of k i value using the graph in Figure 4 . Table 1 shows the decrease of k i (thermal inactivation rate constant) values of all modified enzymes. The data indicated the decrease of denaturation rate or the increase of enzyme stability compared to the native enzyme.
The enzyme stability increase in this research based on the k 1 values was 2-3 times compared to that of the native. The decrease of these k 1 values was predicted due to the bond between ammine group on the side chain of lysine residue and carboxylate group on citraconic anhydride, as a result the native enzyme will be less flexible in water and the protein unfolding will also be decreased and caused the enzyme structure will be more rigid and become more stable [16] [17] [18] .
The modified enzymes using citraconic anhydride with modification degree of 45, 73, 82, 83, 88 % have raised the half-life from 17 minutes of the native enzyme to 23, 27, 29, 33 and 39 minutes, respectively. According Sthal 19 the enzymes stability may be determined by their half-life.
The ΔG i value shows the energy used to denaturate the enzyme, the bigger the ΔG i value, the more stable the enzyme indicated that the enzyme is getting more difficult to denaturate. In this research, the increase of ΔG i values of modified enzyme were 0.5 -1.2 times compared to the native enzyme as can be seen in Table 1 . The higher of ÄG i values of the modified enzymes indicated that their stability was increasing. 
CONCLUSIONS
Based on the results discussed above it was noted that the chemical modification with citraconic anhydride was able to increase the thermal stability of the native α-amylase from local bacteria isolate B. subtilis ITBCCB148 up to 2-3 times. The chemical modification employed has increased the thermal stability of the enzyme against pH and temperature, so there is possibility that the enzyme can be used in industrial process which require extreme condition.
